The influence of highly phosphorylated inositol phosphates on the Ins(1,3,4,5)P4 3-phosphatase enriched from the soluble fraction of pig brain was tested, using [5-32P] 
INTRODUCTION MATERIALS AND METHODS
The mobilization of Ca2+ from intracellular stores by
Ins (1, 4, 5) P3 is induced by a variety of agonists [1, 2] . Ins (1, 4, 5) P3 is generated from PtdIns(4,5)P2 by the action of a phospholipase C. For inactivation, Ins (1, 4, 5) P3 is either dephosphorylated to Ins (1, 4) P2 by a 5-phosphatase [3] or phosphorylated to Ins- (1,3,4,5)P4 by a 3-kinase [4] . The function of Ins (1, 3, 4, 5) P4 is as yet unclear. In concert with Ins(1,4,5)P3, it may be involved in the regulation of intracellular Ca21 concentrations by controlling Ca2+ fluxes into the cell and/or into certain compartments of the intracellular Ca2+ stores [5] [6] [7] . Ins (1, 3, 4, 5) P4 is dephosphorylated to Ins(1,3,4)P3 [8] , which is a precursor of Ins (1, 3, 4, 5, 6 )P5 formation via Ins (1, 3, 4, 6 )P4 [9] . It has become evident that the metabolism of Ins (1, 3, 4, 5) P4 is more complex, because it is dephosphorylated not only to Ins (1, 3, 4) P3, but also to Ins (1, 4, 5) P3
by a high-affinity 3-phosphatase [10-121. Recently we showed that Ins(1,4,5)P3, Ins (1, 3, 4) P3 and Ins (3, 4, 5, 6) P4 are strong inhibitors of the Ins(1,3,4,5)P4 3-phosphatase from pig brain [13] .
The highly phosphorylated inositol polyphosphates, Ins-(1,3,4,5,6)PF and InsPJ, are found at comparatively high concentrations in the cells of plants, birds and mammals [14, 15] . Their function is still unclear. They have been shown to act like a neurotransmitter when injected into certain regions of the central nervous system of rats [16] , and extracellularly applied InsP6 was able to enhance Ca2+ influx in cultured cerebellar neurons [17] . Additionally, Ins (1, 3, 4, 5, 6 )P5 and InsPJ have been shown to induce transmembrane ion currents when injected into neurons of Aplysia [18, 19 ].
Here we demonstrate that Ins (1, 3, 4, 5, 6) [20] with some modifications. One rat brain was homogenized and centrifuged at 100000 g, and the supernatant was applied to an h.p.l.c. ionexchange column (Bio-Gel TSK DEAE-5-PW; 75 mm x 7.5 mm) and eluted exactly as described [20] . The eluent was collected in 1 ml fractions, which were assayed for PtdIns4P 5-kinase activity with [y-32P]ATP prepared according to Johnson & Walseth [21] terfere with PtdIns4P 5-kinase activity. Therefore, when assaying PtdIns4P 30 mM-LiCl, 1 mM-CaC12, 1O00 uM-EDTA, I mm-ATP, 0.1 % 2-mercaptoethanol and 30 mM-Hepes, pH 7.0. The reaction was started by the addition of 1-3 #1 (100-300 ng of protein, depending on the specific activity of the enzyme) of a purified cytosolic phospholipase C from pig brain [24] . The incubation was performed overnight at 37°C, terminated by the addition of methanol (half of the reaction volume) and centrifuged at 15000 g for 10 min. For enrichment of the 3-phosphatase, a 100000 g supernatant from pig brain was prepared, loaded on DEAE-Sephacel and eluted with a gradient from 0 to 1 M-NaCl as described [13] . 3-Phosphatase-activity-containing fractions, which also contained 5-phosphatase activity, were pooled, divided into portions and stored at -80°C until used.
Enzyme assays
The activity of the 3-phosphatase was determined using [5- 32P]Ins ( All incubations were terminated with 400 4tl of methanol/water (1:1, v/v) supplemented with 10 mM-H3PO4, 1 mM-EDTA and mM-myo-inositol. Samples were centrifugated for 10 min at 15000g, and the supernatants were analysed by h.p.l.c. The differing specific activities of the enzymes in comparison with those in our previous work [13] are probably due to longer storage of the preparation used in the present study, as the 3-phosphatase appears to be more stable than the 5-phosphatase.
Purification and analysis of inositol phosphates by h.p.l.c. For analysis, samples containing 32P-labelled reaction products were loaded on a Partisil 10 SAX column in a volume of 500 pl and eluted in the same manner as for purification, using a gradient as previously described [13] . For analysis of 3H-labelled inositol polyphosphates the gradient was slightly modified: 0-4 min, 0-25 % B, flow 1.25 ml/min; 4-27 min, 25-33 % B; were exchanged for KCI. The eluated substance (volume 1.25 ml) was diluted with water to a volume of 10 ml. To this, 50 ,ul of Partisil 10 SAX (100 mg/ml) was added and the suspension was shaken overnight at 4°C to bind the inositol polyphosphate. After centrifugation at 3000 g for 10 min, the supernatant was carefully removed and the inositol polyphosphate was batcheluted with 5 x 100 ,u of HCI (1 M Therefore the buffer solution was also exchanged for 900 mM-KCI and handled as above, but stored at 4°C.
Others
Protein was determined according to Lowry et al. [25] , with modifications [26] . Bovine serum albumin was the standard protein.
[y-32P]ATP was prepared as described [21] .
RESULTS AND DISCUSSION
When the enriched 3-phosphatase was incubated over 60 min, a linear substrate decomposition was seen at a concentration of 15 ,ug of protein/ml (results not shown). Therefore all experiments were performed at this protein concentration. Vol. 278
Ins(1,3,4,5,6)PJ was a very potent inhibitor of the 3-phosphatase with Ins(1,3,4,5)P1 as substrate. The K, value was about 60 nm, as estimated from a Dixon plot (Fig. la) . The Lineweaver-Burk plot indicated complex inhibition kinetics (Fig.  lb) : it revealed curves instead of straight lines. This could be due to several enzymes catalysing the same reaction or to one enzyme with two substrate-binding sites, of which only one is affected by the inhibitor [27] . It is more likely that the 3-phosphatase is one enzyme with two substrate-binding sites, because it was eluted as a single peak when molecular exclusion chromatography was performed [13] . We recently described the same complex kinetics for Ins(1,4,5)P3 as an inhibitor of the 3-phosphatase [13] .
The other inositol polyphosphate tested, InsP6, was more potent in inhibiting the 3-phosphatase than was Ins(1,3,4,5,6)P,.
A Dixon plot (Fig. 2a) showed that the K1 value was about 3 nm. When the data are presented in an 1/v versus I /[S] plot, a mixedtype inhibition is seen (Fig. 2b) (Fig. 3a) , and the Lineweaver-Burk plot fitted best to a competitive inhibition (Fig.   3b ). As shown for the 3-phosphatase, InsPI was also more potent in inhibiting the 5-phosphatase than was Ins(1,3,4,5,6)P1; the K1 value for InsP6 was estimated to be about 15 /SM in a Dixon plot (Fig. 4a) . The presentation in an l/v versus 1/[S] plot indicated a competitive inhibition for InsP6 (Fig. 4b) . detection, the intracellular concentrations of both the pentakisphosphate and the hexakisphosphate were found to be 5-15 /LM in various tissues of mammals [28] . In fMet-Leu-Phestimulated HL-60 cells, Pittet et al. [29] [10] [11] [12] 30] or permeabilized cells [31, 32] . In the latter system, the endogenous inositol pentakis-and hexakis-phosphate will be diluted by the incubation buffer.
The difficulty in studying the 3-phosphatase in prelabelled intact cells is due to the fact that Ins (1, 4, 5) (1,3,4,5,6)P1 and InsPI, it has to be concluded that the activity of the 3-phosphatase in vivo is negligible. This is supported by the observation that 3-phosphatase activity could not be detected in intact cells. On the other hand, the question arises as to why the 3-phosphatase is expressed in a cell without having a physiological function. Thus this enzyme may play an as yet unknown role in the metabolism of inositol phosphates, but probably it is not an important participant in signal transduction.
